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'~ THE PV-2 HELICOPTER ROTOR

By Eugene VNigotaky
SUMMARY

An Investligatlon has been conducted at the Langley
full-scale tunnel to obtaln besic performance data for
the PV-2 helicopter rotor. Blade motion as well as rotor
forces and nower were measured for the statlc-thrust con-
dlitlon and for a limlted range of forward-flight condi-
tions., Only the force-test data are presented In thls
neper.,

The statlc-thrust deta are presented as the varlia-
tlon of thrust coefficient with torque coefflclent. The
forward-flight vperformance deta have been reduced to
11t coefficlients and draeg-11ft ruatios, and the varia-
tion of these parsmeters with pitch angle and tip-speed
ratlo are given for a series of spindle-angle settings.
In addl tion, charts of convenlent form are prepared from
whlch the performence of a helliconter equipped with such
a rotor may be obteined rapldly for the range of condl-
tions covered. '

The rotor performance is compared wlth that pre-
dicted:  from theoretical studies and the comparison shows
that avallable theories provide reasonably accurate
predictions of hellcopter performence if the actual blade-
section characteristics are used 1n the calculations.

More detailled analysis of the wvalldlity of the theories,
especially with regard to second-order effects, 1s not
Justified at present because the date avallable are too
limited and tunnel effects are not yet completely evaluated.
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INTRODUCTI ON

Tests have been conducted et the Langley full-scale
tunnel to determine the performance characteristics of
the PV-2 hellcopter rotor. These tests wers requested
by the Bureau of Aeronautics, Navy Depertment, and were
intended to provide basic performance datea on a full-scale
helicopter rotor which would be used to determine the
valldity of exlsting theory and whlch would aid in msking
rational evaluations of proposed helicopter deslgns.

The tests included photozraphic observatlons of the
blade motion as well as measurements of the rotor forces
and power Iinput to the rotor. These measurements were
made for the statlic-thrust case and over & range of forward-
flight conditions. The tip-speed ratio range for .
the tests i1n the forward-flizht conditlons was approxi-
mately 0.11 to 0.2%3. Due to vibrational dAifficulties
1t was necesseary to conduct the tests at reduced rotor
speeds and the tests were, In effect, sbout two-thirds
of full scele.

The reading and computlng of the photograplic
blade-motion records have not been completed except for
those readings necessary for the determination of the
meen piltch angle at the 0.75 radius. £Lccordinzgly, only
the results of the force tests are presented. The
results of the static-thrust measurements, in coeffi-
cloent form, have besen compered wlth the analysis of
reference 1l. The forward-fllpght performance data have
also been reduced to fundamentel nondimrenslonal paramneters
and the varlatlion of these parameters with tip-speed ratio,
plteh angle, and spindle-angls setting are glven. Since
these data cover ranges of hellcopter design condltions,

a procedure 1s outlined for applylng these results to
rotors operating at glven flight condlitions. The rotor
performence for seversl flight conditlons 1s obtelned
and these results are compared wlth the performance
predicted by the cherts of reference 2.

SYNBOLS

R rotor-blade radius’

b number of blades



"y

MR No.

e

P

P/L
(D/L)4
(D/L),

L5C29a

blade chord of untapered portion

rotor solidity, be/TR

mean pltch aﬁgle at-O.TéR
angular veloclty, radlans per second

spindle-angle sotting, positive for rearward
spindle t1lt

forward veloclity

alr density, slugs per cublie foot
tip-speed ratio, V/QR

rotor thrust

thrust coefficient, T, >
PIQR)“TR

rotor torque

torque coefficlent, 2! g 3
P(QR )R

rotor 1ift

1lift coefficlent, -5

L2 s

drag equivalent of shaft power 1ﬁput, AUV
power drag—li1ft ratio

induced drag-lift ratlo

profile drag-1ift ratio .

(D/L)p parasite drag-lift ratio

(D/L)o

drag 11ft ratio representing angle of climb.

(D/L), rotor drag-lift ratio, (D/L)y + (D/L),

(Q/L)useful

rotor 1ift

ratio of rotor thrust. along flight path to
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Paraslte drag

f equivaleﬁt flat-plate drag ares,
o Sov2
2 .
Qg section angle of attack, measured from zero-lift
angle

°d, sectlon drag coefficlent
c, section 1ift coefficlent

a slope of 1ift coefficlent agalnst sectlion angle
of attack (radisn measure)

APPAPATUS AND TESTS

The PV=-2 rotor tested was designed to operate at
371 rpm on a hellicopter of 1000 pounds gross weight.
The rotor was 25 feet in dlameter and had three blades
of NACA 0012.6 section (symmetrical section with a
maximum thickness ratio of 12.6 percent). The blades
wore not twlsted or tapered, except for cut-outs at
the inboard end. Pertinent dimensions of the rotor
blades are glven in figure 1. The blades had a tubular
steel spar, located sllghtly shead of the 1/l-chord line,
to which wooden ribs were attached. The rib spacing
varied between Il and 8 inches. The forward portion of
the blade (anproximately 30 to 35 percent of the chord)
was covered with plywood and the tralling edge (approxi-
mately 10 percent of the chord) wes solid wood. This
framework was covered with fabric, doped, and pollished
to a smooth finlish. However, lrregularitles in the con-
tour were apparent, - ' )

The rotor was of the artliculated type, having
hinges that permitted the bladss to oscillate in the
plane of rotation as well as normal to the plane of
rotatlon. In this rotor design hydraullc dampers were
used to absorb the energy of the blade oscillations in
the plane of rotatlon. In addition to these dampsrs,
rubber restrainsrs werc used to restrict elastically
the blade flapping and dragging motions. These
restralners were adjusted to exert no force on the
blades in normal hovering flight and were relatively
soft. Tor example, when a blade was at 1ts maximum



MR No. L5C29a .5

deslgn flapping -angle, - the. bending moment imposed on the
spar by the restralner was equal to .the, static welght
moment of the blade. ({onsequently, it 1s.belleved .that
these restrainers would not affect the rotor performance
to a measurable degree, especlaelly since the teats were
made ‘under trim conditions and the blade motlons. wers
relatively small. The pitoh engle ‘of the blades -was .
varled by measns of a movable-bearing mechanlsm;.moving
the bearlng perallel to the: axls of rotetion changed

the mean pltch angle of the blades, and tilting the
bearlng with respect to the axls of rotation provided
cyclle variations of pitch angle with azimuth angle.

The rotor was mounted in the jet of the Langley full-
scale tunnel wlth the rotor hub about 20 feet from the
entrance cone and approximately on the center lime of
the Jet (flg. 2). Photographs of the setup are shown in
figures 3 and . - .

The general assembly of the support system is sho¥n
schematically in figure 5. The mein support member is a
standard 12-inch structural steel pipe, to the buse of
whlch were welded a base plate and gusset vlates. 8
columm was mounted on a pair of removable sunpo;}/f%gies
which were bolted to the floating frame of the #ind-
tunnel balance system. The rotor pylon was attaclked to
the top of thls columm at three support polnts. In
order to permit the spindle angle to ve varied, .the two
front supports were set in trunnions, and the rear support
was attsched to a Jack-screw typve of mechaniem.

An electric motor was used to drive the rotor. The
power input to the rotor was measured by a reaction-type
straln-gage torquemeter which was attached to the upper
end of the motor casling. The rotor speed was measupred
by means of a standard alrcraft tachometer.

Since the tare drag of ths pylon and its supporting
structure would be large relative to the rotor drag
forces, the entire supporting structure was shielded .
from the alr stream by a fairing. During the tests,
this falring was never 1n contact.wlth any structure
that was connected to the wind-tunnsel balances.

. All,tests-were conducted under condiﬁioné corre;
sponding to trlm about a representative tenter-qf-gravity
location, which in this case was taken tp be on the axis

of rotation &nd h?&-inches below the center line of the
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flapping hinge:.. Teating under these conditions would
not have been practical.with the regular wind- tunnel
balanges since 1t ‘would reduire that the controls be
.ad Justed continuously until the readings on flive scales
fulfilled the -desired moment equations. An suxlliary
strain-gage balance system was therefore used which
gave direct indication of the rotor thrust and ths )
pltehing and rolling moments. The 1lift end drag daté
presented, however, were obtalned from the wind-tunnel’
balances. .

In order to determine the oscillatlons and deflec-
tions of the blades, graln-of-wheat bulbs were installed
at three radial locations on the leading and tralling
edges of one of the blades. A 35-millimeter motilon-..
plcture camera mounted on the rotor hub and rotating .
with 1t recorded the varlous blade motions.  The mean
pltch angle at the 0.75 radius station’ was determined
from these camera records by plotting the pltch-angle
variation with azimuth angle and finding the average
value, ,

- Before- the rotor tests were mede, vibration

surveys (with a, shaker in place of ths rotor) were
conducted to determine the vibrational tharacteristics

of the wind-tunnel setup. It was found that the flexi-
bility of the supporting structure was sufficlent" to ‘make
1ts naturael frequency too low for safe overation. The
support structure was then reinforced and several flying
wires were used to guy the maln support column. These
modifications raised the naturael frequency enough to
permlt testing up to rotor smeeds of about. 300 rpm, which
was still below the design rotor speed (371 rpm).

.Testing at these lower rotor speeds, In effect, corre-
sponded to testing at less than full scale.

The static-thrust tests were made with the splndle
angle set vertically and the tunnel off. At several rotor
speeds the thrust and torque were measured for the entire
range of plitch angles (about 2% to 99),

For the forward-flight tests the rotor 1ift, drag,
and torque were measured at several rotor speeds, tip-
speed ratios, and spindle-angle settings. It should be
noted that. the minimum tip-speed ratio obtalnable with
a given rotor.in the .Langley full-scale tunnel is
1imited since the lowest steady eir stream veloclty is
about 30 miies per hour.- The corresponding minimum value
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of tip-speed ratlo was about O.l1ll for the rotor speeda
attalnable in these tsests.

With the blades removed from the rotor hub, tests
""were made to determine the 1l1ft, drag, and.torque tares

of the camera installation and that part of the rotor hub
exposased to the alr stream. These tares, which do not include
the dreg of the blade shanks, were subtracted from the

rotor test data, and the results presented thus repre-

sent the characteristics of the rotor blades alone.

The tare data obtalned with zero alrspeed as well
as with the tunnel operating showed that the readings of
the wind~-tunnel balances became lrregular and unreasoneble
as soon as the rotational speed excesded approximately
230 rpm. Because of this response of the scales to
frequencles in thls range, no data for rotational speeds
above 280 rpm have been included in this report. The
data obtalned at the reduced rotor speeds correspond,
in effect, to those of a rotor tested at ebout two-
thirds of full scale.

The data presented for the forward-flight condltions
have been corrected for Jet-~boundary effects by assuming
that the rotor acts essentlally as an alrfoil of equal
1lift and span.

RESULTS AND DISCUSSION
Static Thrust

The results of the static~thrust measurements are
presented in figure 6 as the varlation of thrust coeffi-
clent with torque coeffleclent for three rotor speeds.
Since no consistent varliation with rotor speed was
apparent, only one curve was falred through the experi-
mental polnts.

For comparlison with thls experlmental curve, three
theoretlical curves were calsulated on the basias of the
methods glven in reference 1l. In these methods, the
blade-gsction characteristics are assumed to be of the
form

cl = aa,

cdo =8 + eaoa
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In computing the variation of thrust and torque coeffi-
clents by thls method the conatants in the equatlons
were chosen to glve sn approximation to the section’
characteristics obtained from unpublished wind-tunnel
teste of a similarly constructed blade; these values
were

a = 5.56 per radian
' 8 = 0.0084
€ = 0,400

A comparison of the section chearacteristlices corresponding
to these values with the unpublisheé data mentioned above
1s shown in figure 7. The upper curve of figure 6 was
caloulated using thesc constants.

In order to obtaln agreement with the results of
model rotor tests 1t was necessary, in reference 1, to
Introduce certaln empirical corrections 1n the calcula-
tions of the torgue and thrust coefficlents. The cor-
rection for the torque cosefficlentese involved the use of
a correlation factor- X, the velue of which was found to
be 1.67, and the drdg equation effectively became

cg, = B +'Kea02

6 + 1.67¢a

The curve of figure 6 indicated as "theory with empirical
torque corrsection (K = 1.67)" was celculated on this
basis,

For the thrust coefflclent, where an avpreciable
difference existed between the theoreticel and the
experimental results, no attempt was made in reference 1
to modify the theoretical equatlons, end the empirical
relations were proposed as generally applicable. The
curve of figure 6 indicated as "theory with emplrical
torgqus and thrust corrections”" was obtained by correcting
the theoreticsasl thrust by the same difference that was
found in reference 1 between the theoreticel and experi-
mental thrust valuss. The torque coefficlent for thls
curve was found as for the preceding curve.
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Inapection of thé four curves of figure 6 shows
that using the correlation factor K improves the agree-
-ment wilth the data but that the theory i1s still slightly
optimistic. The emplirical thrust correction appears to
be of the correct magnitude at the higher thrust coeffi-
oclents covered in these tests but seems toolarge at the
lower thrust coefficlents. A more detalled comparison
of the theory wlith these results 1s not Justifled because
of the unknown effects of the flow around the test
chamber and of the proximity of the balance-house roof.
It is belleved, however, that these effects are relatlively
small In thls case and that the analysls of reference 1
offers a reasonably accurate prediction of the fundemental
performence charaeacteristics of a helicopter rotor in the
static~-thrust condition.

Forward Flight

The performance data obtalned for the forward-
flight condl tions have been reduced to 1lift coefficlents
and drag-lift ratios; and the varliations of these narame-
ters with pitch angle, tip-speed ratio, and spindle-
angle setting are presented. In general, the discusslion
of rotor losses and shaft-power lnput in terms of drag-
11ft ratlos follows along the same llaes as ln refer-
ence 2, through the equatlion

0@ B0,

In this equation, P represents the drag equivalent of
the shaft-power input:

_ Shaft-power input
Velooclty

= 802
v

and the D's similarly represent the drag equlvalent of
the power requlred to overcome the induced and profile
drag of the blades, to overcome the paraslte drag of the
fuselage, end to malntaln a steady climb.
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In presenting and applying the results of wind-tunnel
tests of an 1solated helicopter rotor 1t 1s convenlent
to use s modified form of equation (1) in which the drag-
- 11ft ratlos on the right-hand slide are combined to glve

2 ®),* @ @

where (D/L)r now corresponds to the total rotor losses
(induced + profile), and (D/L),geryy PecOmes the ratio
. of the thrust along the fllight path to the rotor 1lift.

Fror the measurements taken durling the wind-tunnel
tests 1t was possible to calculate d@lrectly the guantlities
P/L. (from the power, the tunnel alrsveed, and the 1lift
measured on the bslences) and (D/L)useful (from the

drag and 1lift forces measured on the balances). From
these parameters the rotor losses (D/L) were computed

by the relationship given 1n equation (23.

The parameters ., P/Ly and (D/L), were first

vlotted agalinst pitch angle at the 0.75 radius for cdlfferent
tip-speed ratios at fixed spindle-angle settings. Flg-
ures 3(a) to 8(c) show these variables plotted in this
manner for the spindle-engle setting of -5.5°, and are
presented primarily to Ilndicate the order of magnitude

of the scetter in the data. It should be noted that the
fixed splndle-angle setting does not correspond to =
fixed asrodynamic angle of attack of the rotor disk since
the effect of the jet boundaries on the direction of the air
stream i1s a function of the rotor 1lift coefflzient,
and hence is not constant for these filgures. The correc-~
tlion to the spindle-angle settinr 1s given in figure 9

as a functlion of 1lift coefficlent. Furthermore, 1If the
behaviors of dlfferent rotors are to be commared on the
basls of angle of attack, the sngle of attack of the
spindle aexlis 1s of no great 1mportance without knowledge
of the blade flapping or cycllc pitch varlation. Since
the blade-motion data are not availeble at present, 1t
was found expedlent to use the uncorrected spindle-angle
setting as a parameter for the vresentation of the per-
formence deta. A method 1s outlined later in the discus-
sion by which the force data cen be applled, without
having the serodynamic angle of attack of the rotor, to
obtain the performance of a hellcopter operating with

the PV-2 rotor under various design condltlons.
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From the original plots of Cp, P/L, end (D/L),
egainst 6, 75+ CTOSS plots were made to obtaln the

variation of these parsmeters with tip-speed ratlo for.
constant values of pltch angle and spindle-angle setting.
These cross plots are presented in figures 10 to 12. It
wlll be noticed thet the data were not obtained over
identical. ranges of pitch angle and tip-speed ratio. It
was necessary to limlt the range of test conditions at
the higher pitch angles and tip-speed ratios because of
the vibratlons encountered at these condltions.

It 1s evident that the data as presented do not
corresvond directly to the flight condltlions of the
rotor overating on a particular helicopter deslign but
cover a range of deslgn conditions. A method 1s there-
fore outlined to indlcate how these data can be applled
to determine the performance of a helicopter (with a
rotor similar In design to the rotor tested) under a
glven set of condltions.

It 18 assumed that the followlng characteristles of
the helicopter are known: gross welght, rotor radius,
rotor speed, and parasite dreg. It 1s also assumed tunat
the mechine 1is operating in level flight under standard
conditions and that the rotor angle of attack 1s small
so that the 1ift can be taken to be equal to the thrust.

From these known characteristics the thrust coeffi-
clent C can be computed. Then, for a deslred forward
speed, og tip-speed ratio, the 1lift coefflcient 1s
calculated from the relatlon

.. = 2Cn
1 =~
pa
The value of © corresponding to these values of

0.75
Cy, eand p 1s determined from figure 10 for each

splndle~angle setting. Having 90.75 for the desired
ws P/L, and (D/L), ere obtalned from flgures 11
and 12, respectively, and (D/L)useful is then calcu-
lated from equation (2). These values of 90_75,

P/L, (D/L)p, @nd (D/L),gery1 ~8re found for each
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spindle-~angle setting presented and then plotted against
splndle-angle setting. With the variables plotted in ,
this menner 1t 1s necessary only to determine the espindle-
engle setting which corresponds to the desired level-
flight condltions. The procedure 1s to calculate the
ratio (D/L)p from the given parasite drag and gross
weight and then to find, from these vlots, ths spindle-~
angle setting for which -(D/L)useful equals this value

of (D/L)p. This method can be applied to a helicopter
In steady c¢limb 1f, in the determination of Qg the

addltional thrust along the flight path required %o
maintain a steady climb ls added to the parasite drag.

In order to obtaln the variatlon of the performance
parameters with forward velocity, or tip-speed ratlo,

the foregolng procedure is merely repeated for several
values of u. Followling thils procedure, the performance
characteristica of the rotor operating at thrust coeffi-
clents of 0.00268, 0.003%64, and 0.00L6 were obtained.
The thrust coefficient 0.0036l represents the design disk
loading of 2.0L for the PV-2 helicopter (25~foot-dlameter
rotor operating at 371 rpm with a gross welght of

1000 pounds). The othser thrust cosfficlents correspond
to disk loadings of 1.50 end 2.50 when the rotor speed
end dlameter are kept fixed or, when the disk loading 1s
held constant, correspond to rotor speeds of L32 and

535 rpm.

The values of 6g g, P/Ls (D/L)y, end (D/L)ygopum

were found for six values of p ranging from 0.12

to 0.22 at each snlndle-angle setting. In view of the
scatter in the data and the llrited number of spindle-
angle settings at which these data were avallable,
stralght lines were falred through the values obtained.
These results are presented in the charts of flgure 13.
With these charts 1t 1s necessary to determine only the
11ft coefficlent and (D/L)D of the helicopter and, by
Interpolating between the curves, the rotor performance
can be estimated directly for the range of condltions
represented 1ln the charts.

It can be seen In figure 13 that the varlation
of (D/L), with agy 1s relatively small., At the
lower tlp-speed ratios (D/L)r decreases slightly
with forward tilt of the spindle and, with lncreasing
tip-speed ratio, this effect diminlishes until, at the
higher tip-speed ratios, there appears to be a tendency
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for (D/L)p to increase with forward spindle tilt.
Consequently, since (D/L)p determines the spindle angle

for a glven ‘set of operating condltions-a relatively
large error in estlmating thls ratio results in second-
order errors in estimating the rotor losses.,

Since fuselage-drag data are not avallable for the
PV-2 helicopter, 1t 1s assumed that an equivalent flat=
plate drag area f equal to 7 sgquare feet represents the
parasite drag of the machine, and performance estimates
were meéde on this basls. For horizontal -flight of this
apsumed machine, the variation of 6g,75, P/L, 8nd

(D/1.)p Wwith tip-speed ratio, for the three values of

thrust coefficlient chosen, are given in figures ll(a),
U(b), and U(s). (For &, = 0.00446 these values were
obtalned by extrapolating Ehe curves of figure 13 to
small positive values of ag4.) Also included. in these
figures are the theorsetical varilations of these parameters
a8 determined from the charts of reference 2. A ocom-
parison of the section characteristics used in refer-
ence 2 with those obtained from unpublished wind-tunnel
tests of a sectlon of a PV-2 rotor blade 1s given in
figure 15, The difference between the dreg curves arises
from the fact that the values used in reference 2 were
representative of those attainabie with blades having a
relatively smooth and accurate contour and having en
airfoil section with appreclable camber.

In general, there appears to be a discrepancy between
the pltch angles predicted by the theory and those
measured 1n the tests, the measurements showing the
lower values of pitch angle. Thia difference is about
1.25° and appears to be approximately constant within
the accuracy of the pitch-angle measurements. Analysis
of these differences led to the belief that this dis=-
cerepancy 18 not due to the inadequacy of the theory but
rather to an error made in the reference to which the
pltch angle was measured. Such a constant error in
pltch-angle measurement, however, does not alter the
relationship between the force parameters, and the
method outlined for applying the data to specific con-
ditions 1s 8stlll valigd.

At the lowesat thrust coefficlent (0.00268) good
agreement exists between the force ratios determined
from the test results and the theory. At higher thrust
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coefficients the rotor losses prédicted from the charts

of reference 2 are optimlstlic and the difference lncreases
with increasing thrust coeffilclent and decreasing tip-
speed ratlo. These trends are more gpparsnt in figure 16
where the rotor losses (D/L)r are plotted agalnst dlsk

loeding for three values of tip-speed ratio.

The divergence of the theoreticel and experimental
curves wlth increasing thrust coeffliclent cen be attributed,
at least In vart, to the dlvergence between the corresnonding
drag polars as shown in figurs -15. The analysis of refsr-
ence 2 would probably give a more accurate oprediction of
the performance of thlis rotor 1f the actual sectlion drag
curve was used ar, at least, a better spproximation to 1t.

The larger differences between theory and experi-
ment at.the lower tip-speed ratlo may be partly due to
Inaccuracies In the jJet-boundary corrections, which are
largest at the low tip-speed ratlos (that is, at the high
11ft coefficlents).. The correctlions anplied to the D/L
ratios shown on figures 13 end 1l varied from a maximum
of 0.,03L at the highest 11ft coefficlent to a minimum of
0.007 at the lowest-l1ft coefflclent. The differences
between theory and experiment, however, seem to be too
large to be totally ascribable to this effect.

The dependence of the rotor horsepower required on
the operating conditions can be seen in figures 17 and 18
in which horsepower-veloclty polars are presented for the
same value of parasite drag and the 'same  three values of
thrust coefficlient used in the previous dlscussion. In
the first case (fig. 17) the three values of thrust
cooeffizlent were obtelned by keeplng the rotor tip speed
constant and changlng the disk loading. Here the power
required Increases with thrust coefflclent, due primarily
to the higher downwash velocities in the wake which result
in greater induced losses. In the second case (fig. 18)
the disk loading was held constant snd the different
thrust coefficlents were- obtained by changing the rotor |
tlp speed.. Here the power raqulred decreases with ’
Increasing thrust coefficlent. The saving in power
obtained by reducing the rotor speed at constant disk
loading results from operating closer to the optimum
proflle drag-11ft ratio of the rotor since the 1nduced
losses are essentlally the same at each thrust coeffi-
clent. As before, the agreement with the theoretically
predicted curves 1s quite close except toward the hilgher
thrust coefficients.
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CONCLUDING REMARKS

The performance charsacterlstica of ths PV-2 rotor
have been determined over a range of conditlons. Con-
venient charts for the forward-flight range covered in
these tests have been prepared from which the performance
of a hellcopter equipped with such a rotor may be pre-
dlcted. The results of the investligation indicate that
the theoretical methods employed in reference 1 (static
thrust) and reference 2 (forward flight) will provide
reasonably accurate results when the actual blade=-section
characteristics are used 1n the computations. A more
detalled analysis of the valldlty of the theories,
particularly with regard to second-order effects, 1s
not belleved to be Justified with the present state of
knowledge. In order to obtaln a more detalled comparlson,
blode~-motion data as well as force-test data should be
avallable for a wlder range of condltions than were
covered in these tests. Furthermore, such a comparlson
would stlll be somewhat clouded until the effects of the
Jet boundarles, the proximlty of the balance~house roof, and
the restralntof the test-chamber walls on the alr flow
and rotor forces have been determined.

Langley Memorilal Aeronautical Leboratory
National Advisory committee for Aeronautics
Langley Fleld, Va.,
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Variation of rotor losses

Figure 16,-
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